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Heteroleptic Four-Coordinate Tris(oxazolinyl)borato Iron(II)
Compounds
Abstract
The reaction of FeBr2 and 1 equiv of thallium tris(4,4-dimethyl-2-oxazolinyl)phenylborate (TlToM) in THF
provides ToMFeBr (1), whereas FeBr2 and 2 equiv of TlToM react to give (ToM)2Fe (2). Two νCN bands at
1604 and 1548 cm–1 indicated bidentate coordination of ToM to iron in 2. Homoleptic 2 and FeBr2 react in
THF overnight through an unusual ligand exchange process to give compound 1, which is apparently the
thermodynamic product. The salt metathesis reaction of 1 and KCH2Ph affords ToMFeCH2Ph (3). The
effective magnetic moments of compounds 1–3 range from 4.9 to 5.4 μB, and these values are consistent with
high-spin iron(II) (S = 2). A single 1H NMR signal assigned to the methyl groups of the ToM ligand
suggested tridentate coordination of the ToM ligand to iron in 1 and 3. X-ray crystallography studies of 1–3
establish their structure as four-coordinated tetrahedral iron complexes. ToMFeBn and CO (1 atm) react to
afford isolable ToMFe{C(═O)Bn}(CO)2 (4) as a yellow solid. Complex 4 is diamagnetic (S = 0), and the
three distinct methyl signals in the 1H NMR spectrum are consistent with a six-coordinate, Cs-symmetric
species. This assignment is supported by its IR spectrum, which revealed intense bands at 2004 and 1935
cm–1 (symmetric and asymmetric νCO), at 1680 and 1662 cm–1 (acyl rotamers, νCO), and at 1593 and
1553 cm–1 (νCN) and is confirmed by a single-crystal X-ray diffraction study.
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Heteroleptic Four-coordinate Tris(oxazolinyl)borato 
Iron(II) Compounds
Regina R. Reinig,a,b Arkady Ellern,a Aaron D. Sadow*a,b
a Department of Chemistry, 1605 Gilman Hall, 2415 Osborn Dr., Iowa State University, Ames 
IA, 50011, United States.
b US DOE Ames Laboratory, Iowa State University, Ames, IA 50011, United States.
ABSTRACT. The reaction of FeBr2 and 1 equiv. of thallium tris(4,4-dimethyl-2-
oxazolinyl)phenylborate (TlToM) in THF provides ToMFeBr (1), whereas FeBr2 and 2 equiv. of 
TlToM react to give (ToM)2Fe (2). Two νCN bands at 1604 and 1548 cm–1 indicated bidentate 
coordination of ToM to iron in 2. Homoleptic 2 and FeBr2 react in THF overnight through an 
unusual comproportionation process to give compound 1, which is apparently the 
thermodynamic product. The salt metathesis reaction of 1 and KCH2Ph affords ToMFeCH2Ph (3). 
The effective magnetic moments of compounds 1 – 3 range from 4.9 to 5.4 B, and these values 
are consistent with high-spin iron(II) (S = 2). A single 1H NMR signal assigned to the methyl 
groups of the ToM ligand suggested tridentate coordination of the ToM ligand to iron in 1 and 3. 
X-ray crystallography studies of 1 – 3 establish their structure as four-coordinated tetrahedral 
iron complexes. ToMFeBn and CO (1 atm) react to afford isolable ToMFe{C(=O)Bn}(CO)2 (4) as 
a yellow solid. Complex 4 is diamagnetic (S = 0), and the three distinct methyl signals in the 1H 
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NMR spectrum are consistent with a six-coordinate, Cs-symmetric species. This assignment is 
supported by its IR spectrum, which revealed intense bands at 2004 and 1935 cm–1 (symmetric 
and asymmetric νCO), at 1680 and 1662 cm–1 (acyl rotamers, νCO), and at 1593 and 1553 cm–1 
(νCN) and is confirmed by a single-crystal X-ray diffraction study.
Introduction
Tris(pyrazolyl)borate “scorpionate” iron compounds have long provided models for biological 
non-heme iron centers based on the similarity between three fac- and N-coordinating pyrazole 
ligands and the imidazole N-donors from histidine which are common motifs in iron sites.1-5 
Typically, heteroleptic divalent compounds containing one reactive valence, TpMX (Tp = 
HB(N2C3H3)3–; M = Mn-Cu), are sought to mimic these sites, as well as access organometallic-
type reactivity. Instead, complexes supported by the small parent Tp or hexamethylated Tp* 
(HB(N2C3Me2H)3–) spontaneously form six-coordinate Tp2Fe and Tp*2Fe (Figure 1),6,7 which 
are ML4X2 species common to iron (~70% of organometallic iron compounds).8 Coordinatively 
saturated six-coordinate geometries for iron compounds (ML4X2, 18-electron) are expected to be 
enthalpically favored (Scheme 1). 
Scheme 1. Factors contributing to formation of Tp2Fe.
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The preparation of iron compounds containing one small Tp ligand may be accomplished in 
ML3X3 six-coordinate compounds [TpFeX3]– and [Tp*FeX3]– (X = Cl, N3).9 Six-coordinate 
ML4X2 [Tp*Fe(NCMe)3]BF4 is isolable from [Fe(NCMe)6][BF4]2, and acetonitrile ligands are 
labile.10 Four-coordinate heteroleptic structures, however, are supported by sterically 
encumbered ligands containing 3,5-diisopropyl-pyrazolyl and 3-tert-butyl-pyrazolyl substitution. 
These bulky ligands have allowed access to unusual organometallic species, such as 
TpiPr2FeCH2CH3 (TpiPr2 = HB(3,5-N2C3iPr2H)3–), a ML2X2 (14-electron) β-hydrogen-containing 
organometallic compound.11 These alkyls react with carbon monoxide via 1,1-insertion and 
coordination to give dicarbonyl acyl compounds,12 or through a one-electron reductive process to 
give {PhTptBu}FeCO (PhTptBu = PhB(3-N2C3tBuH2)3–; a rare ML3X complex).13 Related 
compounds (15-electron ML2X2) and processes (acyl formation or reduction) are also reported 


















































Figure 1. Accessible coordination geometries with (A) Tp*, (B) TptBuMe, and (C) ToM.
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The tris(4,4-dimethyl-2-oxazolinyl)phenylborate ligand (ToM) supports heteroleptic ToMMX 
compounds (ML2X2) of magnesium and zinc,14-18 as well as cobalt.19-21 The steric properties of 
ToM are distinct from Tp and substituted TpR, in that 4,4-dimethyl-2-oxazoline contains a 
tetrahedral, quaternary, dimethyl-substituted carbon adjacent to the N donor, whereas substituted 
pyrazole donors contain only one group, bonded to a planar sp2-hydridized carbon situated next 
to the N donor (Figure 2).22
Figure 2. Newman projection showing the effect of sp2 vs sp3 hybridization on the steric 
environment in tridentente N-heterocyclic ligands.
While homoleptic (κ2-ToM)2M (M = Mg, Zn, Co) form and have been structurally 
characterized, these species contain two bidentate ligands (LX) and are four-coordinate (ML2X2) 
rather than accessing six-coordinate configurations of the smaller tris(pyrazolyl)borates (Figure 
1). For mid-transition metal species, both (κ2-ToM)2M and {κ3-ToM}MX are electronically 
unsaturated species, while the number of M–N bonds is lower for (κ2-ToM)2M than 2 equiv. of 
{κ3-ToM}MX (Scheme 2). Thus, the heteroleptic species could be favored over 
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disproportionation. Alternatively, five-coordinate ToM-supported cobalt species are formed upon 
carbonylation of alkyls.21
Scheme 2. Possible equilibrium between {κ3-ToM}MX and (κ2-ToM)2M.
While ToMCoCl (15-electron) is isolable, carefully controlled conditions are required because 
the side product (ToM)2Co forms readily.19 Nonetheless, ToMCoCl is a useful precursor to 15-
electron organometallic compounds.20,21 In the present work, we sought to prepare iron 
analogues ToMFeX and investigate their reactivity, including their propensity to disproportionate 
to (ToM)2Fe.
Results and Discussion
The reaction of TlToM and FeBr2 in THF at room temperature readily affords paramagnetic 
ToMFeBr (1) as a cream-colored solid (eq. 1). The 1H NMR spectrum of 1 contained broad, yet 
diagnostic resonances from 24 to –30 ppm that were assigned as methyl (–28.9 ppm, 18 H), 
methylene (20.9 ppm, 6 H) and phenyl groups (24.4 ppm, 2 H; 14.5, 2 H; 12.0, 1 H) in the ToM 
ligand on the basis of integration. The 11B NMR signal for 1 at 74 ppm was significantly 
displaced from the diamagnetic borate region (c.f., TlToM δB = –16 ppm). A band at 1586 cm–1 in 
the IR spectrum of 1 was assigned to νCN of the coordinated oxazoline moiety; this signal and 
NMR data are consistent with tridentate coordination of the ToM ligand to iron. The 5.1(2) B 
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effective magnetic moment of 1, measured by the Evans method, characterized 1 as high-spin 
iron(II) (S = 2). This magnetic moment is lower than similar tris(pyrazolyl)borate-coordinated 
tetrahedral iron(II) halide complexes, such as TptBu,MeFeBr (5.4(1) B)23 and TptBuFeCl (5.7 
B).24
An X-ray diffraction study confirms tridentate coordination of the ToM ligand to a pseudo-
tetrahedral iron center (Figure 3). The related crystallographically characterized four-coordinate 
mixed scorpionate halide iron compounds, including TptBuFeCl (TptBu = tris(3-tert-
butylpyrazolyl)borate),24 TptBu,MeFeX (X = F, Cl, Br, I) (TptBu,Me = tris(3-tert-butyl-5-
methylpyrazolyl)borate,23 TpiPr,BrFeCl (TpiPr,Br = tris(3-isopropyl-4-bromopyrazolyl)borate),25 
rely upon steric hindrance to prevent disproportionation into Tp2Fe-type structures. The solid 
angle characterizing the ToM ligand in ToMFeBr is 7.6 steradians, corresponding to the ToM 
ligand shielding 61% of the metal coordination sphere (G-parameter).26 For comparison, the 
tris(pyrazolyl)borate ligands in TptBu,MeFeBr and TpiPr,BrFeCl are much more sterically 
encumbered (8.6 steradians, G-parameter, 68%) to achieve the same four-coordinate stabilization 
effect. Solid angles were calculated from X-ray coordinates using the program Solid-G.27 Still, 
the Fe–N (mean distance: 2.07 Å) and Fe–Br (2.352(1) Å) interatomic distances of 1 and more 
hindered compounds are similar; for example, the Fe–Naverage and Fe–Br distances in 
TptBu,MeFeBr are 2.090 Å and 2.3604(8) Å, respectively.23
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Figure 3. Thermal ellipsoid plot of ToMFeBr (1) at 35% probability. A crystallographically 
independent molecule of 1, three molecules of toluene, and all H atoms are not included in the 
image for clarity. Selected interatomic distances (Å): Fe1–N1, 2.071(4); Fe1–N2, 2.061(4); Fe1–
N3, 2.069(4); Fe1–Br1, 2.352(1).
The preparation of ToMFeBr is remarkably straightforward, particularly in comparison to the 
cobalt congener ToMCoCl and the smaller tris(pyrazolyl)borate analogues. As noted in the 
Introduction, four-coordinate tris(pyrazolyl)borate (Tp), tris(3,5-dimethyl-pyrazolyl)borate (Tp*) 
iron compounds are not known, instead Tp2Fe (G-parameter, 51.2%) and Tp*2Fe (G-parameter 
51%) are formed.7 The pyrazolyl and 3,5-dimethylpyrazolyl groups interdigitate in the two 
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compounds, whereas six-coordinate (ToM)2M compounds are unlikely for first row transition 
metals such as iron because of steric constraints imposed by ToM (G-parameter is greater than 
50%); however, four-coordinate (ToM)2M (M = Mg, Co, Zn) may be formed under the 
appropriate conditions. In particular, (ToM)2Co forms readily as a contaminant during the 
synthesis of ToMCoCl from CoCl2 and TlToM, and synthetic conditions to isolate ToMCoCl 
require excess CoCl2·THF (rather than CoCl2). To be certain that paramagnetic To
MFeBr was not 
contaminated by unobserved (ToM)2Fe (2), the latter compound was independently synthesized 
and characterized.
In fact, the reaction of FeBr2 and two equiv. of TlToM in THF provides 2 (eq. 2), which is 



























The 1H NMR spectrum of 2 was rather unusual and appeared to be a superposition of signals 
from a paramagnetic species and a diamagnetic species. The latter set of signals appeared at the 
expected positions following the pattern observed in diamagnetic C3v-symmetric ToM containing 
compounds. In addition, seven broad signals from 20 to 0 ppm were also observed. Several 
pieces of data eliminate a possible interpretation of the 1H NMR spectrum in which the product 
corresponds to a mixture of paramagnetic and diamagnetic ToM-containing species. First, 1H 
NMR spectra of mixtures of TlToM and 2 contained two sets of signals that matched a 
combination of independently observed resonances for TlToM at 1.03 (CNCMe2CH2O) and 3.41 
ppm (CNCMe2CH2O) and 2 at 1.02 and 2.96 ppm. The broad signals of 2 are also distinct from 
Page 8 of 25
ACS Paragon Plus Environment






























































those of 1. Second, the 11B NMR spectrum of 2 contained only one signal at –122 ppm that was 
at lower frequency than the signals of 1 and TlToM. This 11B NMR signal was clearly affected by 
the high spin Fe(II) center. Finally, the effective magnetic moment for 2 of 4.9(2) B, measured 
in solution by the Evans method, is consistent with high spin Fe(II) species such as Bp'2Fe (Bp' = 
bis(3-methyl-pyrazolyl)borate; 5.20(2) B).28 The infrared spectrum of 2 revealed signals at 1604 
and 1548 cm–1, at similar frequency as those observed for (ToM)2Co (νCN = 1602 and 1554 cm–1) 
suggesting that 2 contained coordinated and non-coordinated oxazoline groups.19 A single-
crystal X-ray diffraction study of 2 provided support for the connectivity depicted in eq. 2, but 
the data was not of sufficient quality to perform any additional analysis.
The independent synthesis of 2 only differs from that of 1 in the ratio of TlToM and FeBr2, and 
its formation also demonstrates that 2 is a viable side product, even though it is not detected in 
1H NMR spectra of 1. In addition, the salt metathesis reaction involves suspended FeBr2 and 
soluble TlToM, in which 2 would appear to be a plausible, if not likely, participant. In fact, 
reaction of TlToM and FeBr2 occurs in toluene at room temperature to provide a mixture of 1 and 
2. Remarkably, this mixture (which also contains FeBr2) in toluene forms 1 quantitatively upon 
heating at 60 °C for several days. Compound 1 is isolated from this reaction mixture in high 
yield (85%) for gram-scale reactions. Moreover, the independent reaction of 2 and FeBr2 in THF 
provides quantitative formation of 1 after 12 h (eq. 3), indicating that 2 is a possible intermediate 
species in the formation of 1. Thus, the effective formation of 1, with respect to competitive 
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The 1H NMR spectrum of 3 revealed resonances at –56.3 (18 H) and 13.6 (7.5 H) ppm 
assigned to oxazoline methyl and methylene groups, respectively. The latter group’s signal likely 
overlaps with one from the benzyl group; new signals at 41.7 and 41.02 ppm (2 H each) as well 
as –17.6 and –63.1 ppm (1 H each) were also assigned to the benzyl moiety. As in 1, the signals 
from the ToM ligand suggested tridentate coordination. We also noted that the signal 
corresponding to the oxazoline methyl was shifted to lower frequency (–56.35 ppm) than the 
corresponding resonance in 1 (–30 ppm). Complex 3 was characterized by a single signal in the 
11B NMR spectrum at 225 ppm, which was the highest frequency resonance observed for the 
iron(II) complexes reported here. 
The infrared spectrum of 3, acquired as a KBr pellet, contained several unusual features. Two 
intense signals at 1586 and 1552 cm–1 appeared in the region associated with the νCN of 
coordinated oxazolines. These two peaks contrast the typical observation of a single peak that we 
assigned to the symmetric stretching motion of three C=N from the three coordinated oxazolines 
(e.g., as in the spectra of 1, 1586 cm–1, or ToMCoCH2Ph, νCN = 1588 cm–1) whereas the 
asymmetric stretching mode is not observed. These modes, and their intensities, are assigned by 
Hessian calculations of related ToMM species. Thus, we conclude that the symmetry of 3 is lower 
than C3v and that at least one oxazoline is inequivalent in the solid state. Still, the infrared 
spectrum of 3 did not contain any bands from 1600 – 1650 cm–1 in the region associated with the 
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νCN of non-coordinated oxazoline in ToM. Thus, the IR data is consistent with a tridentate 
chelation in 3. In addition, an intense peak at 1701 cm–1 was observed. The IR spectra of 1, 
ToMCoCl, or ToMCoMe do not contain similar signals in this region; however, the spectrum of 
ToMCoCH2Ph contained a weak peak at 1702 cm–1. Compound 3 is high spin (eff = 5.4(2) B). 
The persistence of related four-coordinate tris(pyrazolyl)borate iron alkyls is attributed to partial 
occupation of the d orbitals,29 although typically those compounds are supported by the sterically 
encumbered pyrazolyl groups.
X-ray quality crystals of 3 reveal a four-coordinate, pseudo-tetrahedral iron center (Figure 4). 
Two similar, crystallographically independent molecules are contained in the unit cell. The Fe1–
C1 distance of 2.068(3) Å is similar to that of only tris(pyrazolyl)borate analogue TpiPr2FeCH2(p-
C6H4Me) (2.05(1) Å).11 The Fe1–C1–C2 and Fe1–C29–C30 angles are 109.4(2) and 109.8(2)°, 
which are slightly smaller than in the cobalt analogue ToMCoCH2C6H5 (∠Co–C–C, 114.8(1)°). 
In both ToMFeBn molecules, one methyl group of the N1 (or N5) oxazoline points toward the 
phenyl face of the benzyl moiety. In these solid-phase structures, that oxazoline is inequivalent 
from the other two, which are related by a pseudo-mirror plane. The iron-nitrogen distance 
involving the unique oxazoline is the shortest of the three for both independent molecules (by 
0.02 Å and 0.031 Å). Thus, the orientation of the benzyl group, and possible C6H5…HC 
interactions may be responsible for the two inequivalent νCN observed in the infrared spectrum. 
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Figure 4. Thermal ellipsoid (50% probability) plot of ToMFeBn (3). Only one of two 
independent molecules of 3 is illustrated, and H atoms are not included for clarity. Selected 
distances (Å): Fe1–C1, 2.068(3); Fe1–N1, 2.073(3); Fe1–N2, 2.096(3); Fe1–N3, 2.092(3).
Compound 3 reacts readily with CO to form yellow ToMFe{C(=O)Bn}(CO)2 (4), which 
precipitates upon standing (eq. 5).
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Compound 4 is diamagnetic. Its 1H NMR spectrum contained three equal-intensity 1H NMR 
signals assigned to oxazoline methyl groups, which indicated C3v symmetry of 3 had been 
reduced to Cs. A new 11B NMR signal at –18 ppm also appeared in the expected region for boron 
in a diamagnetic environment. These data are consistent with low-spin iron(II). The IR spectrum 
of 4 contained two equally intense signals at 2004 and 1935 cm–1 and two weaker signals at 1680 
and 1662 cm–1. The two higher energy bands are assigned as two terminal CO ligands 
coordinated to iron and the two lower energy bands suggest the presence of an acyl ligand that 
exists as two rotamers. In addition, two bands at 1593 and 1553 cm–1 were assigned to νCN from 
the oxazoline ligands coordinated trans to CO and trans to an acyl group. Finally, a single-
crystal X-ray diffraction study confirms the octahedral structural assignment of 4 (Figure 5). The 
Fe1–N2 distance of 2.098(5) Å in 4, of the oxazoline trans to the acyl, is slightly longer than the 
Fe1-N1 and Fe1–N3 distances (2.027(4) and 2.047(4) Å, respectively). A similar effect was 
observed in TpFe{C(=O)Me}(CO)2, which represents the only report of a single-crystal 
diffraction study of a tris(pyrazolyl)borate iron acetyl compound. That species formed in 8% 
isolated yield.30 TpiPr2Fe{C(=O)R}(CO)2 (R = CH2C6H4Me, Et) and TpMe3Fe{C(=O)R}(CO)2 
(TpMe3 = HB(N2C3Me3)3) form in good (ca. 60%) yields,31 while tBuTpiPrFe{C(=O)Me}(CO)2 
(tBuTpiPr = tBuB(3-N2C3iPrH2)3) was not isolable in pure form.32 
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Figure 5. Rendered thermal ellipsoid plot of ToMFe{C(=O)Bn}(CO)2 (4) at 35% probability. H 
atoms are not included in the depiction. Selected distances (Å): Fe1–N1, 2.027(4); Fe1–N2, 
2.098(5); Fe1–N3, 2.047(4); Fe1–C22, 1.737(6); Fe1–C23, 1.754(7); Fe1–C24, 1.983(7).
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Comparisons of tetrahedral iron(II) and cobalt(II) compounds supported by the ToM ligand 
reveal striking differences, including their synthesis, relative stability, and reactivity. ToMFeBr 
forms readily in spectroscopically and analytically pure form in THF or toluene from FeBr2, 
whereas ToMCoCl requires a solvent adduct CoCl2·THF as the cobalt chloride starting material. 
(ToM)2Co is not easily separated from ToMCoCl, either by crystallization, extraction, or 
comproportionation. The ease of preparation of ToMFeBr, in contrast, is related to the favorable 
conversion of (ToM)2Fe and FeBr2 into ToMFeBr. In addition, the relative stability of 1 compared 
to ToMCoCl is unlikely to be significantly influenced by the halide. The chloride ToMFeCl may 
be prepared from TlToM and FeCl2, in which 2 is detected as an intermediate. In contrast, the 
reaction of CoI2 and TlToM does not afford isolable ToMCoI. Instead, ToMCoI is synthesized 
from ToMCoOtBu and Me3SiI.
Compound 1 and ToMCoCl both react with benzyl potassium to form ToMMCH2Ph (M = Fe, 
Co), and the benzyl compounds both react with CO to form acyl carbonyl compounds. Whereas 
ToMFe{C(=O)Bn}(CO)2 is isolable and crystallographically characterized, the cobalt congener 
crystallizes as an α-keto-alkoxide coordinated to the cobalt(II). Thus, the cobalt system 
undergoes an unusual rearrangement. Moreover, carbonylation of other cobalt alkyls (e.g., 
ToMCoMe) is reversed in the absence of a CO atmosphere, making their isolation challenging; 
however, formation of the α-keto-alkoxide is only observed with the cobalt benzyl. Thus far, 
other alkyls of the ToMFeR system have not been isolated, but current efforts are in that 
direction.
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General experimental methods. All reactions were performed using standard Schlenk 
techniques under argon or in a glovebox under an inert atmosphere of nitrogen. Benzene and 
THF were dried and deoxygenated using an IT PureSolv system. Benzene-d6 was degassed with 
freeze-pump-thaw cycles, heated to reflux over a Na/K alloy, and then vacuum transferred. 1H 
and 11B NMR spectra were collected on a Bruker Avance III 600 spectrometer. 11B NMR spectra 
were referenced to an external sample of BF3·Et2O. Infrared spectra were measured on a Bruker 
Vertex 80 FTIR spectrometer. UV-Vis spectra were recorded on an Agilent 8453 UV-vis 
spectrophotometer. Elemental analyses were performed using a Perkin-Elmer 2400 Series II 
CHN/S. Single crystal X-ray diffraction data was collected on an APEX II.
ToMFeBr (1). A solution of TlToM (0.200 g, 0.341 mmol) dissolved in THF (3 mL) was added 
to FeBr2 (0.081 g, 0.38 mmol) suspended in THF (10 mL). The cloudy white suspension was 
stirred overnight, and then the solvent was evaporated under reduced pressure. The product was 
extracted with benzene (3 × 10 mL), and the benzene was removed in vacuo to afford ToMFeBr 
as a cream-colored solid (0.113 g, 0.218 mmol, 63.9%). X-ray quality crystals were obtained 
from pentane at –40 °C. 1H NMR (benzene-d6, 600 MHz): δ 24.36 (s, 2 H, C6H5), 20.09 (s, 6 H, 
CNCMe2CH2O), 14.48 (s, 2 H, C6H5), 11.97 (s, 1 H, p-C6H5), –28.93 (s, 18 H, CNCMe2CH2O). 
11B NMR (benzene-d6, 128 MHz): δ 74. IR (KBr, cm–1): ν 2965 (m), 2929 (w), 2897 (w), 2870 
(w), 1586 (s, νCN), 1496 (w), 1461 (m), 1434 (w), 1387 (m), 1368 (m), 1351 (m), 1270 (s), 1191 
(s), 1161 (m), 1099 (w), 1017 (w), 982 (w), 956 (s).  UV-vis (THF) λmax = 312 (ε: 597 M–1cm–1. 
μeff (C6D6) = 5.1(2) B as determined by the Evans method. Anal. Calcd. for C21H29BBrFeN3O3: 
C, 48.69; H, 5.64; N, 8.11 Found: C, 48.42; H, 5.68; N, 8.00. Mp. 238-241 °C.
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(ToM)2Fe (2). A solution of TlToM (0.200 g, 0.341 mmol) dissolved in THF (3 mL) was added 
to a suspension of FeBr2 (0.037 g, 0.17 mmol) in THF (10 mL). The cloudy white mixture was 
stirred overnight, and the solvent was evaporated under reduced pressure. The product was 
extracted with benzene, and the benzene was removed in vacuo to afford (ToM)2Fe as a white 
solid (0.130 g, 0.158 mmol, 93.2%). X-ray quality crystals were obtained from pentane at –40 
°C. 1H NMR (benzene-d6, 600 MHz): δ 20.16, 17.78, 16.59, 16.56, 8.05, 7.16, 7.05, 6.22, 5.16, 
4.11, 2.96, 1.02, -0.04. 11B NMR (benzene-d6, 128 MHz): δ –122. IR (KBr, cm–1): ν 3069 (w), 
3046 (w), 2966 (m), 2930 (m), 2881 (m), 1604 (m, νCN), 1548 (s, νCN), 1491 (w), 1463 (m), 1433 
(w), 1370 (m), 1281 (m), 1250 (m), 1197 (m), 1151 (m), 1107 (w), 1027 (w), 1001 (m), 966 (m).  
UV-vis (Et2O) λmax = 304 (ε: 156 M–1cm–1), 581 (ε: 388 M–1cm–1), 617 (ε: 424 M–1cm–1), 697 (ε: 
1078 M–1cm–1). μeff (C6D6) = 4.9(2) B as determined by the Evans method. Anal. Calcd. for 
C42H58B2FeN6O6: C, 61.49; H, 7.13; N, 10.24 Found: C, 61.35; H, 7.15; N, 10.05. Mp. 217–219 
°C, dec.
ToMFeBn (3). A solution of KBn (0.030 g, 0.23 mmol) in THF (3 mL) was added to a THF 
solution (10 mL) of ToMFeBr (0.100 g, 0.19 mmol) in a dropwise manner. The yellow solution 
was stirred for 30 min. at room temperature. The solvent was removed in vacuo, and the residue 
was extracted with toluene to provide ToMFeBn as a yellow solid (0.090 g, 0.17 mmol, 89%). 1H 
NMR (benzene-d6, 600 MHz): δ 41.70 (s, 2 H), 41.02 (s, 2 H), 21.42 (s, 2 H), –17.44 (s, 1 H), 
13.60 (s, 7 H, CNCMe2CH2O), –17.61 (s, 1 H), –56.35 (s, 18 H, CNCMe2CH2O), –63.08 (s, 1 
H). 11B NMR (benzene-d6, 128 MHz): δ –225. IR (KBr, cm–1): ν 3070 (w), 3048 (w), 2966 (m), 
2928 (m), 2896 (w), 2871 (m), 1701 (m), 1586 (s, νCN), 1552 (m, νCN), 1493 (m), 1460 (m), 1433 
(w), 1388 (m), 1367 (m), 1275 (m), 1198 (s), 1158 (m), 1027 (w), 1005 (m), 969 (s). UV-vis 
(THF) λmax = 395 (ε: 1739 M–1cm–1). μeff (C6D6) = 5.4(2) B as determined by the Evans method. 
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Anal. Calcd. for C28H36BFeN3O3: C, 63.54; H, 6.86; N, 7.94 Found: C, 63.19; H, 6.87; N, 7.83. 
Mp 218-220 °C.
ToMFe{C(=O)Bn}(CO)2 (4). ToMFeBn (0.045 g, 0.085 mmol) was dissolved in toluene (3 
mL). The headspace was evacuated, and CO (1 atm) was introduced. The yellow solution was 
stirred under CO for ten minutes. The volatile materials were removed in vacuo to afford 
ToMFe{C(=O)Bn}(CO)2 as a yellow solid (0.025 g, 0.041 mmol, 48%). X-ray quality crystals 
were obtained from a concentrated pentane solution cooled at –40°C. 1H NMR (benzene-d6, 600 
MHz): δ 8.31 (2 H), 7.51 (2 H), 7.33 (1 H), 7.25 (4 H), 7.13 (1 H), 7.00 (1 H), 4.48 (2 H), 3.49 (2 
H), 3.41 (4 H), 1.15 (6 H), 0.94 (6 H), 0.87 (6 H). 11B NMR (benzene-d6, 128 MHz): δ –18. IR 
(KBr, cm–1): ν 3078 (w), 3041 (w), 3000 (m), 2969 (m), 2931 (m), 2881 (m), 2004 (s, νCO), 1935 
(s, νCO), 1680 (m, νC=O), 1662 (m, νC=O), 1593 (s, νCN), 1553 (m, νCN), 1495 (w), 1460 (m), 1388 
(w), 1369 (m), 1355 (m), 1284 (m), 1248 (m), 1199 (s), 1156 (m), 1070 (w), 1028 (w), 993 (m), 
970 (s).  UV-vis (THF) λmax = 776 (ε: 92 M–1cm–1). Anal. Calcd. for C31H36BFeN3O6: C, 60.71; 
H, 5.92; N, 6.85 Found: C, 60.69; H, 6.16; N, 6.77. Mp. 140-142 °C, dec.
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For Table of Contents:
Synopsis: Four-coordinate tris(4,4-dimethyl-2-oxazolinyl)phenylborate iron(II) halides 
(ToMFeX) are synthesized via typically salt elimination reactions or from an unusual 
comproportionation of (ToM)2Fe and FeX2. ToMFeBr and KCH2Ph react to provide the high spin, 
14-electron iron benzyl. Treatment of ToMFeCH2Ph with CO afford six-coordinate, diamagnetic 
iron acyl dicarbonyl.
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